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ABSTRACT
Introduction. The susceptibility to infection probably increases in COVID-19 patients due to a combination of virus
and drug-induced immunosuppression. The reported rate of
secondary infections was quite low in previous studies. The objectives of our study were to investigate the rate of secondary
infections, risk factors for secondary infections and risk factors
for mortality in COVID-19 critically ill patients.
Material and methods. We performed a single-center
retrospective study in mechanically ventilated critically ill
COVID-19 patients admitted to our Critical Care Unit (CCU).
We recorded the patients’ demographic data; clinical data; microbiology data and incidence of secondary infection during
CCU stay, including ventilator-associated pneumonia (VAP)
and nosocomial bacteremia (primary and secondary).
Results. A total of 107 patients with a mean age 62.2
± 10.6 years were included. Incidence of secondary infection
during CCU stay was 43.0% (46 patients), including nosocomial bacteremia (34 patients) and VAP (35 patients). Age was
related to development of secondary infection (65.2 ± 7.3 vs.
59.9 ± 12.2 years, p=0.007). Age ≥ 65 years and secondary infection were independent predictors of mortality (OR=2.692,
95% CI 1.068-6.782, p<0.036; and OR=3.658, 95% CI 1.3859.660, p=0.009, respectively). The hazard ratio for death within 90 days in the ≥ 65 years group and in patients infected
by antimicrobial resistant pathogens was 1.901 (95% CI 1.1983.018; p= 0.005 by log-rank test) and 1.787 (95% CI 1.0233.122; p= 0.036 by log-rank test), respectively.
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Conclusions. Our data suggest that the incidence of secondary infection and infection by antimicrobial resistant pathogens is very high in critically ill patients with COVID-19 with a
significant impact on prognosis.
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Infecciones secundarias en pacientes ventilados
mecánicamente con COVID-19: ¿un asunto
pasado por alto?
RESUMEN
Introducción. En pacientes con COVID-19 la susceptibilidad a la infección se encuentra probablemente incrementada
debido a una combinación de inmunosupresión farmacológica
y provocada por el virus. La incidencia de infecciones secundarias descrita en estudios previos es bastante baja. Los objetivos
de nuestro estudio consistieron en investigar la incidencia de
infecciones secundarias, los factores de riesgo de infecciones
secundarias y los factores de riesgo de mortalidad en pacientes
críticos con COVID-19.
Material y métodos. Realizamos un estudio retrospectivo unicéntrico en pacientes críticos COVID-19 que precisaron
ventilación mecánica ingresados en nuestra Unidad de Cuidados Críticos (UCC). Recopilamos datos demográficos; clínicos;
microbiológicos y la incidencia de infección secundaria durante la estancia en la UCC, incluyendo neumonía asociada a ventilación mecánica (NAVM) y bacteriemia nosocomial (primaria
y secundaria).
Resultados. Se incluyeron un total de 107 pacientes con
una edad media de 62,2 ± 10,6 años. La incidencia de infección secundaria durante el ingreso en la UCC fue 43,0% (46
pacientes), incluyendo bacteriemia nosocomial (34 pacientes) y
NAVM (35 pacientes). La edad se asoció con el desarrollo de infección secundaria (65,2 ± 7,3 vs. 59,9 ± 12,2 años; p=0,007).
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La edad ≥ 65 años y la infección secundaria fueron predictores
independientes de mortalidad (OR=2,692; IC 95% 1,068-6,782;
p<0,036; y OR=3,658; IC 95% 1,385-9,660; p=0,009, respectivamente). Hazard ratio para mortalidad a los 90 días en el
grupo ≥ 65 años y en pacientes infectados por patógenos resistentes a antimicrobianos fue 1,901 (IC 95% 1,198-3,018; p=
0,005 por test log-rank) y 1,787 (IC 95% 1,023-3,122; p= 0,036
por test log-rank), respectivamente.
Conclusiones. Nuestros datos sugieren que la incidencia
de infección secundaria y la infección por patógenos resistentes a antimicrobianos es muy alta en pacientes críticos con
COVID-19 con un impacto significativo en el pronóstico.
Palabras clave: Síndrome de distrés respiratorio agudo , COVID-19, ventilación mecánica, infección, neumonía asociada a ventilación, bacteriemia

INTRODUCTION
SARS-CoV-2 pandemic has struck more than 41 million
people worldwide as of October 23th, 2020 [1]. Clinical manifestations range from asymptomatic infection to severe viral
pneumonia with acute respiratory distress syndrome requiring
ICU admission and mechanical ventilation. The susceptibility
to infection probably increases in COVID-19 patients due to a
combination of virus- and drug-induced immunosuppression.
It is challenging to discriminate between isolated COVID-19 viral and extra bacterial or fungal infection, and there is paucity
of data, mainly in critically ill patients [2]. The reported rate of
secondary infections was quite low in previous studies [3]. Underestimating the rate of secondary infections would directly
impact the prognosis. The primary objective of our study was to
investigate the rate of secondary infections in COVID-19 critically ill patients. The secondary objectives were to analyze risk
factors for secondary infections and risk factors for mortality.

MATERIAL AND METHODS
Study population. We performed a single-center retrospective study in mechanically ventilated critically ill COVID-19
patients admitted to the Critical Care Unit (CCU) of the University Hospital La Paz (Madrid, Spain), a 1300- bed teaching
hospital, between 16th of March 2020 and 17th of May 2020.
During this period, a total of 3007 patients with COVID-19
were admitted to the hospital. Our unit had a total of 83 beds
during the pandemic period, including all patients who needed
invasive mechanical ventilation due to COVID-19 related acute
respiratory distress syndrome (ARDS).
COVID-19 was defined as a positive real-time reverse transcriptase polymerase chain reaction (RT-PCR) for SARS-CoV-2
from a nasopharyngeal swab or an endotracheal aspirate.
We recorded the patients’ demographic data; clinical data,
including use of systemic corticosteroids and tocilizumab during
the hospital stay; microbiology data and incidence of secondary
infection during CCU stay, including ventilator-associated pneumonia (VAP) and nosocomial bacteremia (primary and secondary), according to Centers for Disease Control (CDC) criteria [4,5].

Furthermore, 90-day mortality was recorded for all patients.
VAP was defined with clinical, radiological and microbiologic data, with identification of at least 1 bacterial species by
conventional culture, with a threshold of ≥105 colony forming
units in endotracheal aspirates [4]. Bronchoalveolar lavage was
not performed due to contraindication by risk of aerosolization. Aspergillus spp isolation was not considered significant
without bronchoalveolar lavage and serum galactomannan
antigen. Candida spp. and Enterococcus spp. isolation in respiratory cultures was considered colonization.
Nosocomial bacteremia was considered when positive
blood cultures were recovered at least 48h after the hospital
admission. Coagulase-negative staphylococci considered as
contaminants (only one positive blood culture) were excluded
[5].
Secondary infection was defined as development of VAP
or nosocomial bacteremia. We did not recorded data regarding urinary tract infections due to difficulties in distinguishing
between colonization and infection. Isolated bacteria presenting extended-spectrum β-lactamases (ESBL) and/or carbapenemase production (for gram-negatives) and/or high-level
aminoglycoside resistance and/or resistance to vancomycin
and/or methicillin resistance (for gram-positives) were considered antimicrobial resistant pathogens (ARP) [6].
Both endotracheal aspirates and blood cultures were requested by the attending physician in case of clinical suspicion
with radiological and/or laboratory findings. Patients with no
blood or respiratory cultures were considered not to have secondary infections.
Statistical analysis. The categorical variables were described by frequency (%), and quantitative variables by mean
(SD).
In univariate analysis, the effect of factors associated with
secondary infection and mortality was analyzed by Fisher exact test for categorical variables and the Student’s T-Test for
quantitative variables. Logistic regression models (step-wise
procedure) were performed using the 90- day mortality and
secondary infection as dependent variables, and those with
clinico-epidemiological relevance and/or showing differences
in univariate analysis as independent variables. The limit of 5
to 10 events (or nonevents, whichever is less) per introduced
variable was not exceeded.
Kaplan–Meier survival curves were constructed to show
cumulative mortality over the 90-day period, and cox regression analysis was performed. Data were analyzed with SAS 9.3
statistical software (SAS Institute Inc, Cary, NC). A P value lower than 0.05 was considered statistically significant.
Ethics. A national database (code PI2020069) approved by
the institutional review board was used to collect data.

RESULTS
A total of 107 patients with a mean age 62.2 ± 10.6 years
were included. Incidence of secondary infection during CCU
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Table 1	Demographic and clinical data

Variable

Total (n=107)

Secondary infection
(n=46)

(n=61)

76 (71)

33 (71.7)

43 (70.5)

1

62.2 ± 10.6

65.2 ± 7.3

59.9 ± 12.2

0.007

AHTN

53 (49.5)

26 (56.5)

27 (44.2)

0.244

DM

21 (19.6)

8 (17.4)

13 (21.3)

0.806

CAD

4 (3.7)

4 (8.7)

0 (0)

No value

Cardiac failure

6 (5.7)

3 (5.0)

3 (6.5)

No value

Male, n (%)
Age (years), mean ± SD

No secondary infection

p

Comorbidities, n (%)

PAD

11 (10.3)

7 (15.2)

4 (6.5)

No value

Chronic renal failure

6 (5.6)

2 (4.2)

4 (6.7)

No value

Obesity

9 (8.4)

3 (6.4)

6 (10.0)

No value

17 (15.9)

9 (19.6)

8 (13.1)

0.428

8 (7.5)

3 (6.4)

5 (8.3)

No value

11 (10.3)

6 (12.8)

5 (8.3)

No value

1 (0.9)

0 (0.0)

1 (1.7)

No value

Corticosteroids, n (%)

82 (76.6)

35 (76.0)

47 (77.0)

1

Tocilizumab, n (%)

50 (46.7)

18 (38.3)

32 (53.3)

0.240

Respiratory disease
OSAS
Solid tumor
HIV

AHTN: arterial hypertension; DM: diabetes mellitus; CAD: coronary arterial disease; PAD: peripheral arterial disease; OSAS: obstructive
sleep apnea syndrome

Table 2	Isolated species in respiratory and blood
cultures
Isolated species, n (%)

Respiratory cultures

Blood cultures

Enterococcus faecalis

0 (0)

14 (28.5)

Klebsiella spp.

9 (25.7)

5 (10.2)

Pseudomonas aeruginosa

11 (31.4)

2 (4.0)

Candida spp.

0 (0)

12 (24.4)

Staphylococcus aureus

8 (22.8)

6 (12.2)

Escherichia coli

4 (11.4)

4 (8.2)

Enterococcus faecium

0 (0)

5 (10.2)

Serratia spp.

2 (5.7)

0 (0)

Enterobacter spp.

1 (2.8)

0 (0)

Other

0 (0.0)

1 (2.0)

stay was 43.0% (46 patients), including nosocomial bacteremia
(32.1%, 34 patients) and VAP (32.7%, 35 patients). Coagulase-negative staphylococci were considered contaminants as
only one blood culture was positive.
In univariate analysis, age was related to development of secondary infection (65.2 ± 7.3 vs. 59.9 ± 12.2 years, p=0.007). Nei-

ther the use of systemic corticosteroids nor the use of tocilizumab
during hospital stay was related to secondary infections (table 1).
Microbiology data are presented in table 2. A total of 17
patients (15.9%) had infections produced by ARP. Eleven patients had extended-spectrum beta-lactamases producing Enterobacterales, one patient carbapenemase-producing Enterobacterales (VIM-producing Klebsiella pneumoniae) and five
patients methicillin-resistant Staphylococcus aureus. Neither
vancomycin-resistant Enterococci nor carbapenemase-producing Pseudomonas aeruginosa were present. Aspergillus
spp. was identified in endotracheal aspirates from 4 patients.
However, this finding was not considered significant due to
the absence of bronchoalveolar lavage and serum galactomannan antigen.
The 90-day mortality rate was 69.2% (74 patients). Mortality was higher in older patients (mean age 64.9 ± 8.2 vs. 56.1 ±
13.0 years, p=0.001), in the case of a secondary infection (84.8%
vs. 57.4%, p=0.003), bacteremia (85.3% vs. 61.6%, p=0.014),
VAP (82.9% vs. 62.5%, p=0.044), and in patients infected by ARP
(94.1 % vs. 64.4%, p=0.020). Corticosteroids and tocilizumab
administration and comorbidities were not related to mortality.
In multivariate analysis, age ≥ 65 years and secondary infection were independent predictors of mortality (OR=2.692,
95% CI 1.068-6.782, p<0.036; and OR=3.658, 95% CI 1.3859.660, p=0.009, respectively).
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Age< 65 years
Age ≥ 65 years
Age< 65 years-censored
Age ≥ 65 years-censored

Cumulative survival

P=0.005 by log-rank test

Time from ICU admission (days)
Figure 1

 aplan-Meier curves for 90-day survival in patients with age < 65 years
K
and ≥ 65 years

The hazard ratio for death within 90 days in the ≥ 65
years group compared to <65 years group was 1.901 (95%
CI 1.198-3.018; p= 0.005 by log-rank test). Log-rank test in
Kaplan-Meier curves for patients with and without secondary infection did not reach statistical significance (p=0.085).
The hazard ratio for death within 90 days in patients infected
by ARP was 1.787 (95% CI 1.023-3.122; p= 0.036 by log-rank
test). The Kaplan-Meier curves for 90-day survival are shown
in figure 1 and 2.

DISCUSSION
Our study suggests that COVID-19 mechanically ventilated patients could have high incidences of bacteremia, VAP and
infections by ARP. Enterococci were the most isolated agents.
The incidence of secondary infection in critically ill COVID-19 patients in our study is 43.0%. This percentage is higher
than the one previously reported by Ferrando et al [7], with
an incidence of respiratory bacterial infection and bacteremia
of 27.1% and 26.2% respectively. Meanwhile, Yang et al [3]
(incidence of pneumonia and bacteremia of 11.5% and 2%, respectively) and Barrasa et al [8] (incidence of secondary infection of 12.5%) described a lower incidence. Feng et al declared
an incidence of secondary bacterial infection of 34.4% in the
more severe subgroup of COVID-19 patients [9], and, in the

study performed by Ripa et al, 40 patients out of 86 (46.5%)
admitted to intensive care developed at least one secondary
infection [10]. Moreover, a recent report described a quite high
incidence as well [11]. Our cohort includes only patients under invasive mechanical ventilation, what may explain partially
these differences. Among non-critically ill hospitalized patients, the incidence of secondary nosocomial infection during
hospital stay varies from 6.1% to 15.5% [12-13]. The reported incidence of secondary infections in patients with ARDS of
other causes is quite lower. Villar et al found an incidence of
24% in treatment group and 25% in placebo group in a previous randomized controlled trial in patients with established
moderate-to-severe ARDS [14].
This high incidence of secondary infection could be partially justified by an altered T lymphocyte immune response in
COVID-19 patients. Preliminary flow cytometry determination
of blood immune cells demonstrated a reduction in absolute
numbers of total T lymphocytes (CD4+, CD8+, and regulatory
T cells) [15]. Further studies are needed to corroborate these
findings. Our city, Madrid, was the epicenter of the pandemic
in Spain. Consequently, our healthcare system suffered an unprecedented pressure. Besides, the correct use of personal protective equipment could be challenging during the pandemic
period. These two conditions could have led to a reduced compliance with VAP and bacteremia prevention guidelines, what
would contribute to a high infection rate.
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Infections by ARP
No
Yes
No-censored
Yes-censored

Cumulative survival

P=0.036 by log-rank test

Time from ICU admission (days)
Figure 2

 aplan-Meier curves for 90-day survival in patients with and without
K
infection by antimicrobial resistant pathogens (ARP)

In our cohort of patients, secondary infection and infection by ARP had an impact on 90-day mortality. There is a need
to improve compliance to prevention guidelines and antimicrobial stewardship programs in order to reduce the development of infection and resistance [16]. Antibiotic prescriptions
increase significantly during a viral pandemic as COVID-19
[11]. This could have a long-term impact on the availability of
antibiotics and drug resistance.
Another important finding of our study is the lack of relation between the use of corticosteroids and tocilizumab and
the development of infections and mortality, in contrast to the
conclusions of Sommers et al with a lower mortality rate but
a higher infection occurrence related to the use of tocilizumab [17]. Recent randomized controlled trials in non-critically
ill patients did not find any difference in mortality between
tocilizumab and placebo groups [18-20]. Ferrando et al also showed no association between the use of corticosteroids
and tocilizumab and mortality [7]. The RECOVERY trial results
suggest that corticosteroids may be beneficial in patients with
COVID-19, mostly in patients under mechanical ventilation
[21]. Nevertheless, assessing mortality at 28 days may not be
optimal, given that severe COVID-19 patients under mechanical ventilation often require prolong ICU and hospital stay,
beyond day-28. Moreover, late superinfection may occur after
day 28, what may impact the prognosis [22]. In our cohort of
patients, corticosteroids administration did not affect neither
secondary infection rate nor mortality at 90 days.

Our study has several limitations: the retrospective nature
of the analysis; the lack of invasive modalities to help diagnose
VAP (bronchoalveolar lavage) due to contraindication by risk
of aerosolization and difficulties in diagnosis of VAP with traditional criteria [23]; the absence of data regarding dose and
duration of corticosteroids, tocilizumab, antibiotic treatment
(since appropriate empiric antibiotic treatment affects mortality), origin of bacteremia (primary or secondary) and incidence
density of VAP. Given that severity-of-illness scores are similar
at admission in COVID-19 and our data are not adjusted by
severity, we cannot rule out that infection by resistant pathogens was simply a marker of severity. Patients exposed to other endemic colonization by ARP may be exposed to different
pathogens, and this affects generalization. On the other hand,
to our knowledge, this is the first study that focus on secondary infections in mechanically ventilated, critically ill patients
with COVID-19. These data have important implications for
infection control and antimicrobial stewardship in these patients.
Our data suggest that the incidence of secondary infection and infection by ARP is very high in critically ill patients
with COVID-19 with a significant impact on prognosis with potential differences with other causes of ARDS. Compliance to
prevention guidelines and antimicrobial stewardship programs
should be improved to reduce the development of infection
and resistance. Further multicenter studies in other regions
and with larger cohorts would help to identify the drivers of
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secondary infections in critically ill COVID-19 patients and implications on antimicrobial stewardship.

9.
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